Introduction
Pole/zero analysis is a useful method for studying the behavior of linear, time-invariant networks, and may be applied to the design of analog circuits, such as amplifiers and filters. It may be used for determining the stability of a design, and it may also be used to calculate the poles and zeroes for specification in a POLE statement as Chapter 25 describes.
Pole/zero analysis is characterized by the use of the .PZ statement, as opposed to pole/zero and Laplace transfer function modeling, which employ the LAPLACE and POLE functions respectively. These are described in Chapter 25.
In pole/zero analysis, a network is described by its network transfer function which, for any linear time-invariant network, can be written in the general form:
In the factorized form, the general function is:
The roots of the numerator N(s) (that is, z i ) are called the zeros of the network function, and the roots of the denominator D(s) (that is, p j ) are called the poles of the network function. S is a complex frequency 1 .
The dynamic behavior of the network depends upon the location of the poles and zeros on the network function curve. The poles are called the natural frequencies of the network. In general, you can graphically deduce the magnitude and phase curve of any network function from the location of its poles and zeros 2 .
The section "References"at the end of this chapter lists a variety of source material addressing transfer functions of physical systems 3 , design of systems and physical modeling 4 , and interconnect transfer function modeling 5, 6 .
Using Pole/Zero Analysis
HSPICE uses the Muller method 7 to calculate the roots of polynomials N(s) and D(s). This method approximates the polynomial with a quadratic equation that fits through three points in the vicinity of a root. Successive iterations toward a particular root are obtained by finding the nearer root of a quadratic whose curve passes through the last three points.
In Muller's method, the selection of the three initial points affects the convergence of the process and accuracy of the roots obtained. If the poles or zeros are spread over a wide frequency range, choose (X0R, X0I) close to the origin to find poles or zeros at zero frequency first. Then find the remaining poles or zeros in increasing order. The values (X1R, X1I) and (X2R, X2I) may be orders of magnitude larger than (X0R, X0I). If there are poles or zeros at high frequencies, X1I and X2I should be adjusted accordingly.
Pole/zero analysis results are based on the circuit's DC operating point, so the operating point solution must be accurate. Consequently, the .NODESET statement (not .IC) is recommended for initialization to avoid DC convergence problems.
.PZ (Pole/Zero) Statement 
Note:
The scale factors must satisfy the following relations.
If scale factors are changed, the initial Muller points, (X0R, X0I), (X1R, X1I) and (X2R, X2I), may have to be modified, even though internally the program multiplies the initial values by (1e-9/GSCAL). 
GSCAL CSCAL FSCAL
⋅ = GSCAL 1 LSCAL FSCAL ⋅ -------------------------------------------- =
Pole/Zero Analysis Examples

Pole/Zero Example 1 -Low-Pass Filter
The following is an HSPICE input file for a low-pass prototype filter for pole/zero and AC analysis 8 . This file can be found in $installdir/demo/hspice/filters/flp5th.sp. 
Fifth-Order
X real X imag + PZABS < ( ) X real 0 = X imag 0 = X imag RITOL X real ⋅ ≤ X imag 0 = X real RITOL X imag ⋅ ≤ X real 0 =
Pole/Zero Example 2 -Kerwin's Circuit
The following is an HSPICE input file for pole/zero analysis of Kerwin's circuit 9 . This file can be found in $installdir/demo/hspice/filters/fkerwin.sp. 
Pole/Zero Example 3 -High-Pass Butterworth Filter
The following is an HSPICE input file for pole/zero analysis of a high-pass Butterworth filter. 10 This file can be found in $installdir/demo/hspice/filters/fhp4th.sp. The analysis results are shown in Table 23 
Pole/Zero Example 4 -CMOS Differential Amplifier
The following is an HSPICE input file for pole/zero analysis of a CMOS differential amplifier for pole/ zero and AC analysis. The file can be found in $installdir/demo/hspice/apps/mcdiff.sp. The analysis results are shown in Table 23 -4. 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
CMOS Differential Amplifier HSPICE File
Constant Factor = 1.000000e+00 
Pole/Zero Example 5 -Simple Amplifier
The following is an HSPICE input file for pole/zero analysis of an equivalent circuit of a simple amplifier with RS=RPI=RL=1000 ohms, gm=0.04 mho, CMU=1.0e-11 farad, and CPI=1.0e-9 farad 11 . The file can be found in $installdir/demo/hspice/apps/ampg.sp. The analysis results are shown in Table 23 
Pole/Zero Analysis
Figure 23-10 -9th Order Low-Pass Filter Response
The top graph in Figure 23 -10 plots the bandpass response of the Pole/Zero Example 6 low-pass filter. The bottom graph shows the overall response of the low-pass filter. 
